CTiahges in specific tRNA Isoacceptors during Friend leukemia cell (F.L.C.) erythroid differentiation have been found to be concomitant with differences in the extent of the Q-base modification in certain species of tRNA. Transfer RNA was Isolated from F.L.C. cultures after 0, 36, 48, 72, and 96 hr of DHSO in* duced differentiation. Changes 1n 17 Isoacceptors of tRNA asn , tfW\ asp , tRUA ms and tRfiAt-y" were compared by RPC-5 chromatography. Isoacceptors of these tRNA changed 1n relative amounts, following consistent trends throughout cell differentiation. The amount and distribution of Q-base containing tRNA isoacceptors was assayed by measuring the guan1ne-tRNA transferase catalyzed incorporation of [ 3 H]-labeled guanine into tRNA species under-modified 1n Q-base followed by RPC-5 chromatography of the tRNA. The amount of Q-base containing tRNA species decreased in the first 48 hr after the induction, then increased again, indicating the level of Q-mod1ficat1on 1s correlated to the process of differentiation. Isoacceptors that lacked the Q-base were eluted late from RPC-5.
INTRODUCTION
Prokaryotic and eukaryotic tRNA asn , tRNA asp , tRNA his , and tRNA tyr contain the hypermodified Hbonucleoside Q 1 or Its glycosylated derivative Q* 1n the first position of the anticodon (1) . The Q ribonucleoside may be important for regulatory functions of these tRNAs. Recent work has shown that mammalian cells synthesize the Q-contain1ng (Q ) tRNAs from precursor tRNAs that have guanine in the wobble position by excision of the guanine followed by Insertion of queuine, the base of Q (2) . The amount of Q relative to unmodified G 1n these tRNAs varies at different stages in the life cycle of Drosophila, suggesting that the presence of Q in tRNA 1s related to cell differentiation (3, 4) . A significant decrease In the amount of Q 1n tRNA has been assocaited with malignancy (5) (6) (7) .
In this report, we have used reversed-phase plaskon chromatography to re-solve and quantitatively analyze the 17 isoaccepting species of tRNA asn , tRNA asp , tRNA his , and tRNA tyr during erythroid differentiation of Friend leukemia cells, F.L.C. (8) . This cell has the ability to undergo erythroid-like differentiation when exposed to dimethylsulfoxide (DMSOO and in this process, passes from a proliferative, non-hemoglobin synthesizing state to a non-proliferative, hemoglobin synthesizing state. In the previous adjoining paper, we reported on the changes in 47 Isoacceptors for 12 other amino acids (9) . During F.L.C. erythroid differentiation, relative amounts of Isoaccepting species of tRNA asn , tRNA asp , tRNA his , and tRNA tyr changes significantly, and the amount of Q ribonucleoside modification of these tRNA species was found to be correlated to the process of differentiation.
MATERIALS AND METHODS

Materials:
The sources of the cell line, cell culture medium, chromatographic materials and rad1ochem1cals and the specific activities of the radiochemicals are found in the adjoining paper (9) . Labelled [ H] guanine for guanylation was purchased from ICN with the specific activity of 1 Ci/mrol.
Cell Culture and Erythroid Induction with Dimethylsulfoxide (DHSO):
Cultures of F.L.C. were grown and the cells were Induced to differentiate as described (9) .
Isolation and Aminoacylation of Transfer RNA: Transfer RNA was extracted, purified and aminoacylated as described in the adjoining report (9) . tRNA asn was aminoacylated with [ H] asparagine in the presence of unlabelled aspartate (lmM) to Insure that tRNA asp would not become labelled by aminoacylation with deaminated asparagine. Aminoacyl-tRNA synthetase was prepared as also described in the adjoining report (9) .
Reversed-Phase Chromatography: RPC-5 column chromatography was accomplished as described 1n the adjoining report (9) .
Assay for (Q~)tRHA: The reaction conditions and assay procedures have been described in detail (2), except 7 units of tRNA-guan1ne transferase (10) , and either 0.08 or 0.16 A 26Q units of F.L.C. tRNA were added to the Incubation mixture.
RESULTS AND DISCUSSION
Transfer RNA was isolated from uninduced Friend leukemic cells (F.L.C.) and from the same cells 36, 48, 72, and 96 hr after Induction of erythroid differentiation by the addition of dimethylsulfoxide (DMSO) to culture medium. The iso-accepting species of tRNAs which contain the ribonucleoside Q, tRNA asn , tRNA asp , tRNA , and tRNA ^r, were resolved by reversed-phase plaskon chromatography (RPC-5). Quantitative and qualitative changes of the isoaccepting species for these tRNAs, tabulated in Table 1 , reflected significant alterations during erythroid differentiation.
Transfer RNA asn was resolved into 5 Isoaccepting species. In Figure 1A , distributions of the tRNA isoaccepting species were compared at 5 time points during the course of erythroid differentiation. As shown in the graph and species were found to Incorporate histidine Into all of the histidine-containing positions of rabbit hemoglobin (15) . Thus, the quantitative changes of tRNA s species 1, 3, and 4 that occurred during erythroid differentiation of F.L.C. may have a more subtle function than recognition of the two histidine codes (CAC and CAU). For instance, the rate of translation may be affected by the Increased relative amount of tRNA^.
Transfer RNA ^ was separated Into 4 Isoacceptors ( Figure ID) . tRNA ¥*" was the major species and changed relatively little throughout differentiation (Table 1) . tRNA -F consistently Increased in relative amount and finally became a second major species. tRNA Y and tRNA ^' which were not well resolved by the chromatography conditions we employed, decreased gradually during the course of differentiation relative to the other species. Comparative studies of tRNA yr from normal human placenta and HeLa cells Indicated that no significant differences existed 1n the rate or site of incorporation of tyrosine into tryptic peptides of a-glob1n, even though there was again a dramatic difference 1n the RPC-5 chromatographic profiles between the tRNAs of these two tissues (17) . The observed changes 1n F.L.C. tRNA ** Isoacceptors 1, 2, and 3 were coincident with cell differentiation. It has been suggested in two reports that one of the tyr tRNA J isoaccepting species may have a regulatory function concomitant with differentiation, 1n these cases with regard to pigment cell metabolism (18, 19 Differences In amounts of tRNA Isoaccepting species for asparagine, aspartate, histidine, and tyrosine consistent with differences 1n the extent of Q ribonucleoside modification have been observed 1n a number of mammalian systems (5) (6) (7) 13) . The presence of Q, which is both positively charged and hydrophilic, 1n the exposed anticodon of a specific tRNA molecule, suggests that the molecule would be a good receptor of enzymes 1n reactions associated with regulation of cell function (20, 21) , the rate of protein synthesis or the anticodon-codon recognition (22, 23) .
The presence of the Q modification and the distribution of tRNA Isoacceptors lacking this modification during the course of differentiation were studied. We first determined the amounts of Q ribonucleoside present in F.L.C. tRNA preparations isolated at five time points during differentiation. An enzyme, purified from rabbit erythrocytes, catalyzes the replacement of guanine with queuine at the wobble position of (Q')tfiNA (2, 10) . In the absence of its true substrate, queuine, this enzyme catalyzes an exchange between free guanine and the guanine in the wobble position (2) . This exchange can be used to assay for (Q~) tRNA (4, 5, 16, 24) . Our results from guanylation of tRNA preparations from F.L.C. at five stages of differentiation are shown in Table 2 . There was essentially no guanylation observed for uninduced tRNA; Indicating that tRNA from uninduced cells was highly modified with regard to the 0. However, the tRNA It has been suggested that the degree of tRNA modification 1n tissue culture cells may be affected by cell density (13, 25) . However, a recent report (10) has shown that cell density and/or prol1ferat1ve state are not major variables 1n controlling the expression of Q and has therefore Indicated that the previous results may be an artifact due to drastic changes of pH or other conditions 1n culture. Thus, we consider that changes of tRNA asn , tRNA asp , tRNA h1s , and tRNA tyr Isoaccepting species at various stages of F.L.C. differentiation were not due to changes 1n cell density, but due to cell differentiation.
